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USING REMOTE SENSING TO
STUDY THE ENVIRONMENT
Orbiting the earth more than fivehundred miles away, a series ofsatellites called Landsat, equipped
with sophisticated imaging systems, have
been snapping about 1,530 pictures
every day. Over a period of more than
twenty years, the satellites have sent back
hundreds of thousands of pictures, cov-
ering every inch of the earth's surface.
Who looks at all these pictures?
In fact, a great many people are in-
terested in the Landsat images. Remote
sensing techniques provide information
that would be difficult or even impossible
to obtain on the ground. Military analysts
scrutinize the images to locate weapons
installations, missile sites and troop move-
ments around the world. Botanists, by
looking at the distribution of trees and
plants in an area, can make inferences
about the composition of the soil beneath.
They can also document the deforestation
of tropical areas over a period of years. For
example, satellite images of the Brazilian
rain forest dating from 1972 show lush
vegetation, while pictures of the same geo-
graphical areas in the late 80's reveal
markedly diminished tree and plant life.
In addition, the more recent images show
the steady lengthening of a series of par-
allellines which represent logging roads,
penetrating ever deeper into the forest. In
the U.S., scientists have used the satellite
images to trace the decline of high eleva-
tion spruce-fir forests in Vermont and
other northeastern states. For geologists,
the Landsat images are useful in helping
to distinguish different kinds of rock, lo-
cate mineral deposits and monitor volca-
noes.
Scientists at Bridgewater, among
them Professor Richard Enright of the De-
partment of Earth Sciences and Geogra-
phy, are interested in the Landsat images
as a means of studying regional environ-
mental problems in southeastern Massa-
chusetts. Two CART grants have enabled
Professor Enright to purchase several sets
of satellite images of this region for the
College.
Professor Richard Enright
Purchase of the images is only a first
step; they must also be interpreted and
processed. The Landsat images are not
photographic films, but collections of digi-
tal data from across a wide range of the
electromagnetic spectrum, many parts of
which (such as ultraviolet and infrared
waves) are not visible to the naked eye. In
order to analyze and process these multi-
spectral image data, Professor Enright
uses a computer program called ENVI
(Environment for Visualizing Image
Data). The program allows the user to dis-
play various combinations of the seven
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spectral bands in the data set which cor-
respond to different portions of the elec-
tromagnetic spectrum. By manipulating
the different bands, the researcher is able
to uncover small differences in spectral
reflectance. He can then use color coding
to highlight and enhance these differ-
ences. For example, rocks and trees have
different "spectral signatures"; they reflect
the light differently. By assigning contrast-
ing colors to rocks and trees, the re-
searcher can bring out these differences.
For example, one of the images Professor
Enright has processed reveals the distri-
bution of cranberry bogs along the bound-
ary between glacial outwash and moraine
in Plymouth County (see inside front
cover.) Bodies of water are color coded in
black and, in vivid contrast, vegetation
appears as shades of orange. These differ-
ent shades make it possible to identify
various kinds ofvegetation: groves of trees
are easily distinguishable from fields and
golf courses. Healthy cranberry bogs stand
out in brilliant orange.
Color coding also permits the ob-
server to distinguish the healthy cranberry
plants from the less healthy ones. For ex-
ample, years ago one of the bogs was di-
vided by a dike, which was subsequently
removed and the land filled in with cran-
berry bushes. But the remote images re-
veal that these bushes are less healthy than
those in other parts of the bog. The rea-
son is not known: perhaps inferior soil
quality or inadequate drainage; perhaps
the beginnings of a bacterial infestation.
Whatever the cause, this is clearly valu-
able information for the cranberry grow-
ers, and Professor Enright has presented
his findings to the Ocean Spray Coopera-
tive. Similar studies conducted in other
parts of the country have proved of great
commercial value. NASA recently com-
pleted a remote sensing project to analyze
the spread of Phylloxera, a louse that at-
tacks the roots of grape vines, in Califor-
nia. Phylloxera is a particularly virulent
pest which wiped out thousands of vines
in France during the last century. Remote
sensing enabled botanists to see which of
the California vines were in the early stages
of infection so that they could be destroyed
________________ L- _
before spreading the disease to healthy
vines, an action which resulted in savings
of millions of dollars for the California
wine industry. Other researchers are us-
ing remote sensing to study and monitor
the re-emergence of the potato blight,
which wrought such devastation in Ire-
land during the last century.
The Landsat images are also of inter-
est to city planners, including
members of the Old Colony
Planning Council, the re-
gional planning agency for
Plymouth County. The Coun-
cil has conferred with Profes-
sor Enright and may utilize
his data on the City of '
Brockton to help them evalu-
ate the consequences of devel-
oping areas on the outskirts
of the city. Large tracts of land
in Brockton, one of which is
on the Brockton/West
Bridgewater line, are at
present undeveloped. Stan-
dard maps and plot plans do
not give as broad an overview r')_ ••_,.'-"l
of these areas as the satellite
images do, nor do they show
as vividly the distribution of
developed land, undeveloped
land and wetland.
Professor Enright has been involved
in several other remote sensing projects
utilizing satellite images, one ofwhich, the
NASNJOVE project, takes place in south-
western Mexico. This research is an out-
growth of the NASNJOVE grant that Pro-
fessor Enright and his colleague, Dr. Jacek
Sulanowski, received in 1993. The Mexi-
can terrain, unlike that of Plymouth
County, is mountainous and sparsely in-
habited. Professor Enright is using satel-
lite data to distinguish different types of
rocks and to create geologic maps of sedi-
mentary basins. Processing of the data has
revealed, among other things, that sink-
holes, areas where the rock has been dis-
solved by rainwater, are clustered along
fault or fracture lines. Professor Enright
is presently processing images of the Si-
erra Madre del Sur in the State of Guerrero,
Mexico. (He is sorry to report that he did
not find Humphrey Bogart or his burro).
Several Bridgewater students have
participated in the Mexico projects. Last
spring, Bridgewater graduate Bethany
Bolles conducted field research, under
Professor Enright's supervision, which
resulted in two papers presented at na-
tional meetings. This spring, students
Mark Johnson and Sean Baldwin contrib-
uted to a project involving the study of
the ejecta blanket and flows of the volcano
Nevado de Toluca. Mark Johnson pre-
sented the results of this research at a con-
ference in Asheville, North Carolina, on
April 19. In addition, Johnson was one of
twelve students selected by NASA from a
field of 800 applicants to spend the sum-
mer at the Johnson Space Center in Hous-
ton as a research assistant conducting
analysis of images acquired by the
Clementine spacecraft.
In another current project, Professor
Enright is working as part of the AVIRIS
team at the Jet Propulsion Laboratory in
Pasadena, California. AVIRIS is an acro-
nym for Airborne Visible-Infrared Imag-
ing Spectrometer, NASA's most advanced
imaging spectrometer. This precision in-
strument is carried in an ER-2 (U-2) air-
craft flying at an altitude of20 kilometers;
each of the images it sends back to earth
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covers an area approximately 11 kilome-
ters wide and 100 kilometers long. These
data provide Professor Enright and his col-
leagues with a great deal of valuable in-
formation. They enable him to determine
the moisture content of the atmosphere
as well as to identify individual minerals
in soils and rock, types of vegetation and
their growth stage, types and abundances
of algae in fresh and coastal
waters, and burning fronts in
forest fires.
Remote sensing is an
exciting and powerful tech-
nique which holds great
promise for increasing our
understanding of the environ-
ment.
Barbara Apstein is Associate
Editor ofthe Review
A color composite image of
the area around Huitzuco de
los Figueroa in the Sierra
Madre del Sur, State of
Guerrero, Mexico. The town
is the grey cluster in the upper
right of the image. In this
rendition, healthy vegetation
is green, bare soil is pink, and burned
areas are dark red. Ofparticular note are
the numerous small round sinkholes
located for the most part just above the
center. These sinkholes are developed by
the dissolution of the Morelos limestone
by rainwater. Analysis of image by Dr.
Enright and student Bethany Bolles has
shown that the remarkable distribution is
most likely attributable to the existence
ofnumerous large thoroughgoing faults
that have served as pathways for the
movementofwater. The two largest faults
are the straight linear features that run
left to right and lower left to upper right
through the cluster of sinkholes. Dr.
Enright and Bethany Bolles visited the
area during the spring of1995 to collect
samples and analyze the structures. Their
work was presentedat the annualmeeting
of the Geological Society ofAmerica in
New Orleans.
